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(54) Geo stationary communications system with minimal delay 



(57) A method for communicating and a communi- 
cations system apparatus (100) are disclosed. The ap- 
paratus (100) comprises a communications platform 
(106) and a gateway (108). The communications plat- 
form (106) is located in a stratospheric location and 
communicates directly with a user terminal (110-114), 
receiving information from the user terminal (110-114) 
and transmitting information to the user terminal 
(110-114). The gateway (108) communicates with the 



communications platform (106) and couples the user 
terminal (110-114) with a terrestrial based network (1 20) 
through the communications platform (106). The meth- 
od comprises sending a first signal from the user termi- 
nal (110-114) to a stratosphere-based communications 
platform (106), transmitting the first signal from the strat- 
osphere-based communications platform (106) to a 
gateway ground station (108) f and transmitting the first 
signal from the gateway ground station (1 08) to the ter- 
restrial based network (120) (Fig. 1). 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0001] This invention relates in general to communi- 
cations systems, and In particular to a geo-stationary 
communications system with minima) delay. 

2. Description of Related Art. 

[0002] Communications satellites have become com- 
monplace for use in many types of communications 
services, e.g., data transfer, voice communications, tel- 
evision spot beam coverage, and other data transfer ap- 
plications. As such, satellites transmit and receive large 
amot- ts of signals, used in either a "bent pipe" or "spot 
array- configuration to transmit signals to desired geo- 
graphic locations on the Earth's surface. 
[0003J Because of the increase in satellite usage, the 
available resources on a given satellite have been com- 
pletely utilized without providing enough signal cover- 
age to a desired geographic region. As such, users on 
the ground must either go without the satellite service, 
accept a reduced Quality of Service (QoS) for the sat- 
ellite service, or timeshare the satellite service with other 
users, none of which are acceptable for users that re- 
quire access to the satellite service at any given time. 
Further, the delay in sending signals to a geosynchro- 
nous satellite is approximately two seconds travel time, 
which increases the delays in a satellite-based commu- 
nications system. 

[0004] It can be seen, then, that there is a need in the 
art for a communications system that provides high- 
speed access to the Internet and other terrestrial net- 
works. It can also be seen that there is a need in the art 
for high-speed access to such networks for a large 
number of users. It can also be seen that there is a need 
in the art for high-speed access to such networks with 
minimal delays in the system architecture. 

' SUMMARY OF THE INVENTION 

[0005] To overcome the limitations in the prior art de- 
scribed above, and to overcome other limitations that 
will become apparent upon reading and understanding 
the present specification, the present invention disclos- 
es a method for communicating and a communications 
system apparatus. The apparatus comprises a commu- 
nications platform and a gateway. The communications 
platform is located in a stratospheric location and com- 
municates directly with a user terminal, receiving infor- 
mation from the user terminal and transmitting informa- 
tion to the user terminal. The gateway communicates 
with the communications platform and couples the user 
terminal with a terrestrial-based network through the 
communications platform. 



[0006] The method comprises sending a first signal 
from the user terminal to a stratosphere-based commu- 
nications platform, transmitting the first signal from the 
stratosphere-based communications platform to a gate- 
5 way ground station, and transmitting the first signal from 
the gateway ground station to the terrestrial based net- 
work 

[0007] The present invention provides a communica- 
tions system that provides high-speed access to the In- 
10 ternet and other terrestrial networks. The present Inven- 
tion also provides high-speed access to such networks 
for a large number of users. The present invention also 
provides high-speed access to such networks with min- 
imal delays in the system architecture. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] . Referring now to the drawings in which like ref- 
erence numbers represent corresponding parts 
20 throughout: 



FIG, 1 illustrates a system diagram of one embod- 
iment of the present invention; 
FIG. 2 illustrates a typical payload block diagram 
used with the present invention; 
FIG. 3 illustrates a typical platform configuration 
used with the present invention; and 
FIC -i is a flow chart illustrating exemplary steps 
use. 10 practice the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT ~~ " 



[0009] In the following description of the preferred em- 
35 bodiment, reference is made to the accompanying 
drawings which form a part hereof, and In which is 
shown byway of illustration a specific embodiment in 
which the invention maybe practiced It is to be under- 
stood that other embodiments may be utilized and struc- 
*o tural changes may be made without departing from the 
scope of the present invention. 

Overview Of Related Art 

4 5 [0010] Communications systems have been en- 
hanced through the use of satellite transmission links. 
Communications satellites are typically used In a "bent 
pipe" scenario, where the data is transmitted up ("up- 
linked") to the satellite from a ground station, and the 

50 satellite relays the uplink data down ("downlinks") to an- 
other geographically distant ground station. Communi- 
cation satellites can also operate in a similar manner to 
cellular telephone systems, where the communication 
satellite provides spot beams to specific, distinct geo- 

55 graphic locations. This allows for each location to re- 
ceive different information if desired, e.g., one location 
can receive a local event for that region, while simulta- 
neously, another location can receive a local event for 



that region. 

[0011] However, communications satellites are typi- 
cally in geosynchronous orbit around the Earth, which 
places them at a distance of 35,788 kilometers (km) 
above the Earth's surface. Although electromagnetic 
signals travel at the speed of light, these signals must 
be uplinked from the ground station, be processed by 
the satellite, and be downlinked to another ground sta- 
tion and/or a user antenna. Since the distance between 
original transmission and final destination is 35,788 km 
tunes two (71 ,576 km), plus the processing time on- 
board the satellite, a significant delay in the system tran- 
sit time is introduced. Such delays are especially notice- 
able In duplex communications systems. 
[0012] As more data is transmitted between distant 
geographic places, the satellite data throughput capa- 
bilities become strained. Further, the delay in transmit- 
ting such data, because of the greater distance that the 
data must travel, along with the increases in processing 
time on-board the satellite, reduce the effectiveness of 
the satellite transmission scheme. 
[0013] The present invention minimizes the delay in 
the system by providing a shorter distance between the 
"satellite" and the ground station, as well as reducing 
the amount of data that is travelling through each "sat- 
ellite." The. present invention uses a "Geostationary" 
aeronautical platform that is suitable for microwave and 
other payload platforms similar to those used in satellite 
communications systems. Since the distance between 
the ground station and the platform is only twenty km, 
the delay between transmission and reception is re- 
duced to less than 0.06% of that of a geosynchronous 
satellite transmission system. 

Overview Of The Invention 

[001 4] It is difficult to provide high bandwidth connec- 
tivity such as that which is needed with Internet and/or 
multimedia applications, from the beginning of a system 
directly to the terminals of end users. Geosynchronous 
(GEO) satellites are limited by bandwidth efficiency and 
underserve highly populated areas. Middle Earth Orbit 
(MEO) and Low Earth Orbit (LEO) satellites are complex 
in nature and the user terminals are required to track the 
satellites. Further, MEO/LEO systems require data 
management and data switching techniques between 
satellites as the satellites pass over geographic service 
regions. Terrestrial systems are limited by the infrastruc- 
ture deployment rate and cost. 
[001 5] The system of the present invention can be de- 
ployed quickly, is scaleable to markets and market siz- 
es, and can be serviced and upgraded with new tech- 
nology. The system of the present invention can also be 
developed to serve transportable and/or mobile users. 
[001 6] FIG. 1 illustrates a system diagram of one em- 
bodiment of the present Invention. 
[001 7] FIG. 1 illustrates system 1 00, which has a cel- 
lular pattern 102 that parcels out geographic locations 



on the Earth's surface. The edges of the cells 104 are 
not physical boundaries within the cellular pattern 102; 
each cell 1 04 represents a geographic area that can re- 
ceive a signal with a predetermined signal strength or 
5 receives a antenna radiation spot in a spot beam pattern 
that is available from and provided by platform 1 06. 
[001 8) Platform 1 06 communicates with gateway an- 
tenna 108, user terminals 110-114. and control station 
116. Each communication link between platform 106 
10 and gateway antenna 1 08, user terminals 110-114, and 
control station 1 1 6 provides Information to platform 1 06 
and/or the gateway antenna 108, user terminals 
1 1 0- 1 1 4, or control station 1 1 6 as described below. 
[001 9] Platform 1 06 is a stratosphere-based platform 
'5 that remains substantially stationary relative to a geo- 
graphic region on the earth. The platform 106 Is control- 
led by control station 116 to fly In a small radius flight 
path 1 1 8, typically a circle, but can also be ellipsoidal or 
otherwise shaped, over a given spot on the earth. Each 

20 platform 106 is used as a communications node for 
gateway antenna 108 and user terminals 110-114 an- 
tennas that are pointed in the direction of the platform. 
Each gateway antenna 108 and user terminal 110-114 
antenna that is pointed at the platform has a beamwidth 

25 wide enough to maintain communications links with the 
platform 106 throughout the flight path 118. 
[0020] Gateway 1 08 is also coupled to terrestrial net- 
work 120, which is connected to land-based lines that 
interconnect with the Internet, as well as having the ca- 

^0 pability to interconnect with other networks. This gives 
user terminals 1 1 0-1 1 4 access to the network 1 20 with- 
out having a direct connection through a server, as well 
as avoiding multiple servers, routers, etc. that rnaybe 
physically between user terminals 110-114 and terres- 

05 trial network 120. 

[0021 ] Ground station 1 1 6 acts as a control station for 
platform 106, and other platforms 106 throughout sys- 
tem 1 00. Ground station 1 1 6 provides control functions, 
such as attitude control, altitude management, and re- 

*o placement of parts and/or platforms 106 throughout sys- 
tem 100. Ground station 116 determines when and if a 
specific platform 106 needs repair, replacement, or 
maintenance functions performed, by monitoring the 
status of one or more platforms 1 06 in system 1 00. 

^5 [0022J The antennas used by the platform 1 06 and the 
user terminal antennas 110-114, as well as the gate- 
ways 1 08, allow for large data throughput in the present 
invention. Since there is a shorter physical distance be- 
tween user terminals 110-114 and data sources, e.g., 

so other user terminals 110-114, data warehouses, etc., the 
system 100 allows for users to access large amounts of 
data at a large rate, because the user can now use high- 
er frequency communications links directly to the plat- 
form 1 06, without concerns for users in other geographic 

55 areas that may want access to the same data at the 
same time. 

[0023] For example, user terminal 1 1 0 can access da- 
ta from a data warehouse connected to network 120 



through platform 106 and gateway 108, without having 
to go through a local server, local router, and other phys- 
ical hardware that may delay the delivery of data through 
network 120 to user terminal 110. Further, this allows 
user terminal 1 1 0 access to network 1 20, and other data 5 
sources connected to network 120, without regard to 
other local and/or geographically distant users, because 
of the direct connection that user terminal 110 has with 
platform 106. 

10 

Platform Architecture 

[0024] The platforms 106 are maintained in the de- 
sired orbit aerodynamically with electric power generat- 
ed with hybrid solar energy and hydrogen fuel cells lo- '5 
cated on the platform 106. Payload modules on the plat- 
form 106 maintain attitude and are decoupled from the 
platform 106 motions with gimbals or other decoupling 
techniques. Both payload 106 and user terminal 
110-114 antennas are designed to accommodate plat- so 
form 106 station keeping dynamics. 
[0025] The user data is processed through the gate- 
way 108. The platforms 106 are in a nominal altitude of 
20 kilometers. Since the platforms 106 are in such a low 
altitude orbit compared with the 35,788 kilometer orbit 25 
for geosynchronous satellites, the communication sys- 
tem 100 has a delay latency equivalent or better than 
terrestrial networks for the same geographic area. 
[0026] The system 100 can also use frequency, po- 
larization and/or spatial diversities to bring bandwidth 30 
density efficiently to as high as 222 MHz/kilometer 2 into 
highly populated urban areas. The closely packed spa- 
tial diversity is analogous to orbital slots for geosynchro- 
nous satellites but is applied in two dimensions, which 
also allows competing systems to exist. 35 
[0027] The station keeping requirement for the plat- 
form 106 is that the platform 106 should stay within a 
600 meter turning radius and a +/- 30 meter vertical al- 
titude over all environment conditions. This allows for 
the user terminals 1 1 0-1 1 4 on the ground to use anten- 40 
nas that have beamwidths wide enough to maintain con- 
tact with the platform 106 without tracking the platform 
1 06, as would be required in Low Earth Orbit (LEO) and 
Middle Earth Orbit (MEO) satellite constellations. The 
command center 116 controls the platforms 106, and 45 
provides, when necessary, spare platforms 106 to en- 
sure a high rate of overall system availability, typically 
99.9%. 

[0028] The communications payload on the platform 
1 06 can be a simple transponder design connecting the so 
user terminals 110-114 to the gateways 108, and can 
also be a more complex communications system de- 
sign. The gateway 1 08 antennas mutually autotrack the 
ground station 116 antennas. To achieve the bandwidth 
density on the user terminal 110-114 links, the muiti- ss 
beams are arranged in a conventional four-cell reuse 
configuration, but other reuse configurations can be uti- 
lized with the present invention. 



[0029] The cell 1 04 size can be combined with encod- 
ing schemes, such as Code Division Multiple Access 
(CDMA), Time Division Multiple Access (TDM A), Fre- 
quency Division Multiple Access (FDMA), or combina- 
tions of these schemes, to overcome the interference 
caused by the worst case platform motions. Further, the 
user terminal 1 1 0- 1 1 4 links can be designed for any fre- 
quency band, including Ka- and Ku-bands. The plat- 
forms 106 that meet the GEO-stationary requirement 
shown In FIG. 1 are derivatives of U.S. Patent No. 
5,810,284, which is incorporated by reference herein. 
[0030] FIG. 2 illustrates a typical payload block dia- 
gram used with the present invention. 
[0031] The block diagram shows gateway antennas 
200A-200D that act as transmit and receive antennas 
for platform 106. Each antenna 200A-200D is coupled 
to dlplexers 202 and amplifiers 204. The signals re- 
ceived by the antennas 200A-200D are downconverted 
using downconverters 206, and the downconverted sig- 
nals are amplified by amplifiers 208. Each signal is then 
separated into subbands 21 0 and the subbands 21 0 are 
further divided into user signals 212. The user signals 
21 2 are then sent through an amplifier 21 4 and diplexer 
21 6 to user antennas 21 8A-21 8B for transmission to us- 
er terminals 110-114. 

[0032] The return link signals from the user terminals 
110-114 are received at user antennas 218A-21 88. and 
diplexed through diplexers 216 to an upconverter 220. 
Each signal is combined in combiner 222, where twelve 
user signals are combined in much the same fashion as 
they are separated into subbands 210. The signals are 
upconverted again at upconverter 224, and sent back 
to gateway 108 via antennas 200A-200D. 
[0033] The frequency of the signals received by the 
user antennas 21 8A-218B can be different than that of 
a GEO satellite, e.g., where a typical GEO satellite uses 
a 29.5-30 GHz signal as an uplink signal, the signal to 
the platform 1 06 can be a 1 9.7-20.2 GHz signal, to avoid 
interference with existing GEO satellites. Further, the 
signals transmitted by user antennas 21 8A-21 8B can be 
of a different frequency than existing GEO satellite 
downlink signals, e.g., the signal can be a 29.5-30 GHz 
signal instead of the typical 19.7-20.2 GHz signal used 
by GEO satellites, again to avoid interference. 
[0034] The available bandwidth of the signal received 
by gateway antennas 200A-200D is typically 500 MHz, 
which is divided into two 250 MHz subbands by diplex- 
ers 202A and 202B. Each 250 MHz subband supports 
twelve user signals 212, and there are eight subbands, 
therefore, the platform 106 payload can support 96 user 
signals 212. This configuration can achieve a bandwidth 
of 6MHz/km 2 if the corresponding cell 104 size Is 8 km 
hexagonal. 

Gateway Characteristics 

[0035] The gateway 1 08 uses high frequency commu- 
nications links, typically a 92-95 GHz uplink to the plat- 



form 106 and an 81-84 GHz downlink signal from the 
platform 1 06. The frequency bands within the uplink and 
downlink signals are polarization reused for each of the 
gateways 108 in the system 100. Thus, each platform 
1 06 can communicate with one or more gateways 1 08. 5 
The gateways 108 are spatially separated and can use 
autotracking antennas to maximize data throughput to 
the platforms 106. By using a frequency/polarization re- 
use schema, a reuse factor of eight can be achieved, 
which yields a per-platform 106 bandwidth throughput 
of 24 GHz. The gateways 108 process and route the 
user data either externally through terrestrial networks 
120, or other networks such as satellite networks, or can 
route data to the platform 106 directly to the user termi- 
nals 110-11 4 within the coverage area 1 02 . The gateway 
108 links can also use cross-polarization cancellation 
techniques to maintain link performance over the worst 
case weather scenarios, e.g., rain. 

User Terminal Characteristics 

[0036] The user terminal 110-114 antenna should 
have a sufficient beamwidth to accommodate the plat- 
form 106 flight path 118, e.g., used for station keeping. 
Simultaneously, the beamwidth of the user terminal 
110-114 must be narrow enough to allow multiple plat- 
forms 1 06 to operate over the same coverage area 1 02 
to further increase the bandwidth density if demand ris- 
es. Corresponding to the FIG. 2 payload, 30 cm diame- 
ter antennas can be used for cells 104 directly under- 
neath the platform 106, and 45 cm diameter antennas 
are required for cells 104 at the fringe of the coverage 
area to maintain communications links for the nominal 
E1 (2.048 MBPS) data rate. 

[0037] The sidelobe level for these user terminal 
1 1 0-1 14 antennas at Ka-band allows hexagonal packing 
of 37 platforms 106 as shown in FIG. 3 with minimum 
mutual interference. Each platform travels on flight path 
118 that has a radius 300 of distance O. The distance 
302 between platforms is 8.6 times D. This configuration 
increases bandwidth density in the overlapping region 
to 222 MHz/km2. The interference between the GEO 
Ka-band terminals and the system of the present inven- 
tion can largely be mitigated with spatial separations. 

System Optimization 

[0038] The system of the present invention can be 
scaled and optimized in many ways when deployed over 
various markets. The payload can be designed in Incre- 
ments of 6 GHz throughput corresponding to a single 
gateway 108. The antenna beams can be selectively 
populated to cover necessary cells 104. The payload 
can be upgraded and reconfigured when platforms 1 06 
are retrieved for maintenance. The platform 1 06 can be 35 
optimized for tighter station keeping with smaller pay- 
loads. Correspondingly the cell 1 04 size can be reduced 
for higher bandwidth density. In turn, the overall system 



1 00 capacity can be maintained with multiple platforms 
106 over a coverage area 102. 

Process Chart 

[0039] FIG. 4 is a flow chart illustrating exemplary 
steps used to practice the present invention. 
[0040] Block 400 illustrates performing the step of 
sending a first signal from the user terminal to a strato- 
sphere-based communications platform. 
[0041] Block 402 illustrates performing the step of 
transmitting the first signal from the stratosphere-based 
communications platform to a gateway ground station. 
[0042] Block 404 illustrates performing the step of 
transmitting the first signal from the gateway ground sta- 
tion to the terrestrial based network. 

Conclusion 

[0043] This concludes the description of the preferred 
embodiment of the invention. The following paragraphs 
describe some alternative methods of accomplishing 
the same objects. The present invention, although de- 
scribed with respect to RF and electrical systems, can 
also be used with optical systems to accomplish the 
same goals. Further, the platforms may be stationed at 
different altitudes, have different packing densities, or 
use different payloads to accomplish substantially the 
same functions as described herein, 
[0044] In summary, the present invention discloses a 
method for communicating and a communications sys- 
tem apparatus. The apparatus comprises a communi- 
cations platform and a gateway. The communications 
platform is located in a stratospheric location and com- 
municates directly with a user terminal, receiving infor- 
mation from the user terminal and transmitting informa- 
tion to the user terminal. The gateway communicates 
with the communications platform and couples the user 
terminal with a terrestrial-based network through the 
communications platform. 

[0045] The method comprises sending a first signal 
from the user terminal to a stratosphere-based commu- 
nications platform, transmitting the first signal from the 
stratosphere-based communications platform to a gate- 
way ground station, and transmitting the first signal from 
the gateway ground station to the terrestrial based net- 
work. 

[0046] The foregoing description of the preferred em- 
bodiment of the invention has been presented for the 
purposes of illustration and description. It is not intended 
to be exhaustive or to limit the invention to the precise 
form disclosed. Many modifications and variations are 
possible In light of the above teaching. It Is intended that 
the scope of the invention be limited not by this detailed 
description, but rather by the claims appended hereto. 
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Claims 

1. A communications system (100), characterized 
by: 

5 

a communications platform (1 06), the commu- 
nications platform ( 1 06) being located in a strat- 
ospheric location, communicating directly with 
a user terminal (1 1 0- 11 4), for receiving informa- 
tion from the user terminal (110-114) and for 10 
transmitting information to the user terminal 
(110-114); 
and 

a gateway (108), communicating with the com- 
munications platform (1 06), for coupling the us- '5 
er terminal (110-114) with a terrestrial based 
network (120) through the communications 
platform (106). 

2. The system of claim 1 , characterized in that the so 
communications platform (106) Is substantially ge- 
ostationary in the stratospheric location. 

3. The system of claim 1 or 2, characterized in that 

the system (1 00) comprises more than one commu- 25 
nications platform (106). 

4. The system of claim 3, characterized in that the 
gateway (108) communicates with more than one 
communications platform (106). 30 

5. The system of claim 4, characterized in that the 
user terminal (110-114) communicates with only 
one communications platform (106). 

35 

6. The system of any of claims 1 - 5, characterized in 
that the user terminal (110-114) communicates with 
the communications platform (106) in a first fre- 
quency band, and the communications platform 
(106) communicates with the gateway (108) in a 40 
second frequency band. 

7. The system of any of claims 1 - 6 t characterized in 
that the stratospheric location of the communica- 
tions platform (106) is within a predetermined dis- 45 
tance of the user terminal (110-114) to maintain 
communications between the communications plat- 
form (106) and the user terminal (110-114). 

8. A communications signal, generated by performing so 
the steps of: 

sending a first signal from a user terminal 
( 1 1 0- 1 1 4) to a stratosphere-based communica- 
tions platform (106); ss 
transmitting the first signal from the strato- 
sphere-based communications platform (106) 
to a gateway ground station (108); and 



transmitting the first signal from the gateway 
ground station (108) to a terrestrial based net- 
work (120). 

9, A method for communicating between a user termi- 
nal (110-114) and a terrestrial based network (1 20), 
comprising: 

sending a first signal from the user terminal 
( 1 1 0-1 1 4) to a stratosphere-based communica- 
tions platform (106); 

transmitting the first signal from the strato- 
sphere-based communications platform (106) 
to a gateway ground station (108); and 
transmitting the first signal from the gateway 
ground station (108) to the terrestrial based 
network (120). 

10. A communications system (100), comprising: 

a user terminal (110-114) for transmitting and 
receiving data through a terrestrial based net- 
work (120), wherein the user terminal (110-114) 
communicates directly with a communications 
platform (106) located in a stratospheric loca- 
tion; and 

a gateway (108), communicating with the com- 
munications platform (106), for communicative- 
ly coupling the terrestrial based network (120) 
to the user terminal (110-114) through the com- 
munications platform (106). 





SEND A FIRST SIGNAL FROM THE 
USER TERMINAL TO A 
STRATOSPHERE-BASED 
COMMUNICATIONS PLATFORM 














TRANSMIT THE FIRST SIGNAL 
FROM THE STRATOSPHERE-BASED 
COMMUNICATIONS PLATFORM TO 
A GATEWAY GROUND STATION 








TRANSMIT THE FIRST SIGNAL FROM 
THE GATEWAY GROUND STATION 
TO THE TERRESTRIAL BASED NETWORK 



